JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org.
INTRODUCTION
A major theme in avian conservation biology in the United States is that populations of Neotropical migrant birds (those that breed in North America and winter in Central and South America or the Caribbean) are generally declining (Terborgh 1989 ). There are numerous reasons to expect such declines, but the evidence of recent overall declines in Neotropical migrants is, in fact, inconclusive. Declining numbers of migrant species on long-term study plots like Breeding Bird Cen- 1980s, a difference often cited as predictive of longterm trends. However, the most recent analysis of BBS d'ata by the National Biological Survey indicates that 58% of -100 species have had increasing populations in the last 25 yr (Sauer et al. 1994 ), close to the 50% that would be expected if population sizes were fluctuating randomly around stable values. Reviews of the literature on the status of Neotropical migrants usually conclude that the evidence for overall declines is conflicting but that the potential for disaster is so great that giving priority status to Neotropical migrants is justified (e. What should be the next step in research to identify conservation priorities? With regard to land birds that are adequately sampled by the BBS, including Neotropical migrants, we think it should be to emphasize comparisons of population trends among areas (see Hunter et al. 1993 ) and to look for multispecies patterns. Such comparisons are useful, even for species like the Cerulean Warbler (Dendroica cerulea) (Villard and Maurer 1996) , for which there is strong evidence of widespread and prolonged declines (Robbins et al. 1992 ), because they can identify places where rates of decline are highest. In this paper, we offer some examples of this approach, based on exploratory analyses of the BBS database at the level of the physiographic stratum. First we summarize overall trends in the BBS data for 26 species of wood warblers (Parulinae). Then, for the Blue-winged Warbler (Vermivora pinus) and the Ovenbird (Seiurus aurocapillus), we show how a combination of maps, graphs, and statistical tests can indicate the major features of geographic and temporal variation in a population trend. Finally, we give an example of a multispecies analysis that allows the identification of strata where an unusual proportion of species' populations have been decreasing (hotspots of decline). Such patterns of covariation across species can be used to generate hypotheses about causes of population declines that affect more than one species. This general approach to causal analysis looks at many places and sets up many comparisons (James and McCulloch, in press).
METHODS
Our analysis is based on data for 1966 to 1992 for 922 BBS routes in eastern and central North America (Fig. 1) , organized into eight regions and 37 physiographic strata (Table 1) Breeding Bird Survey data are noisy in that they contain sources of variation other than changes in the sizes of the populations of birds. Some of the variation is due to variation in weather, time of day, and differences between observers in their ability to detect birds. We gained some control over the first two variables by selecting only routes censused under the best conditions. To assure that each route provides reliable information about population trends, our criteria for the (Sauer et al. 1994 ). We present the results of both methods so that the reader can see the trade-off between the advantages of controlling for potential observer effects and the loss in precision attributable to adding the observer variable to the model. Paired maps for single species are designed to display geographic variation in recent abundance among physiographic strata and changes in abundance since early in the BBS period. An important feature of these maps is that changes are expressed in categories of change that are balanced between increases and decreases, allowing the reader to judge changes in a balanced way.
In any model, incorporating additive observer effects comes at a significant cost in decreased precision. As a result, with NSRR, when observer covariables are in the model, estimates for years near the limits of the available years can be even more unreliable than with smoothing only. After examining the magnitude of this source of variation, we found that the most stable estimates of population trends were those obtained 4 yr from the ends of the time series. Therefore, our tests (Tables 1 and 2) We performed a test for variation among stratum effects and estimated best predicted values of the stratum effects. If there were no geographic differences in population trends among strata, all the stratum effects would be zero and a hypothetical average species would have the same probability of decrease for each stratum, equal to the overall probability of decrease across strata. In the presence of stratum effects, favorable strata would have a lower than average probability that an average species would decrease, and unfavorable strata would have a higher than average probability of decrease. Reports of these estimated high probabilities of decrease for a hypothetical, average species have two advantages over direct reports of the observed proportions of declining species. First, a formal statistical test of equality of stratum effects can be performed after differences in species composition are accounted for. Thus, a stratum is not declared unfavorable merely because it contains a collection of species that are declining uniformly across strata. Second, the test accounts for differences in the number of species among strata and assigns less weight to strata with few species.
RESULTS

Overall trends in warblers by region
For the 26 most abundant species of warblers in eastern and central North America (Table 2) , as analyzed with NSRR, the largest estimated total populations in recent years (1986) (1987) (1988) have been in four regions: the Spruce-Hardwood and Boreal Forest, the Appalachian Mountains, the Eastern Foothills, and the Eastern Coastal Plain (Table 1) . Graphs of the overall population trends with all species combined (Fig. 2) suggest that the total number of warblers decreased slightly in the 1970s (Fig. 2a) and that this decrease occurred and 1986-1988) periods with NSRR was 54% for the early and 58% for the recent period, a small difference that did not seem to merit a statistical test. In spite of some major differences between the two regression methods in estimates for individual species, the general picture is that a few species may be in serious trouble but most are not. Fig. 3a, b) . Note also declines in the southern part of its geographic range: Ohio Hills (17) and Northern Piedmont (9). Its northerlyadvancing population in the Great Lakes Plain and the Driftless Area (23 and 24, Fig. 3a) has not increased in magnitude enough to appear as a major change in Fig. 3b . Striking additional information about this species, not revealed by the statistical tests or the maps, appears in the graph (Fig. 4) (Fig. 5b) (Fig.  6a, b) show that the general increases have been strongest in Northern New England (20) and the Great Lakes Transition (25) in the 1980s. The declines in the Adirondacks occurred in the 1970s, but those in the Blue Ridge Mountains continued into the 1980s.
Geographic variation in multispecies population trends: the probit-normal model
Calculation of the percent of species declining by strata (column 3 in Table 1 ) can suggest strata where exceptionally high proportions occur. For example, for strata with an average of more than five species, the strata with the highest estimated proportions of declining species are the Cumberland Plateau (85%), Adirondack Mountains (80%), and B-lue Ridge Mountains (75%). Declines of individual warblers in these strata were a significant 43% and 28% in the first two strata and a nonsignificant 49% in the Blue Ridge Mountains, which had only four routes that met our criteria for inclusion in the analysis (Table 1) . However, these calculations, even with their statistical tests, can be misleading. Could the significant declines in numbers of individual warblers in the Cumberland Plateau and Adirondack Mountains still be due to the small number of routes analyzed for these strata? Application of the probit-normal model to a matrix of increases and decreases by species and strata provides a formal overall test of this possibility and indicates that, indeed, there is statistically significant overall geographic variation in population trends (P < 0.01 with both NNRR and NSRR). In a particularly poor stratum (i.e., one with a high proportion of declining species), such as the Cumberland Plateau, the estimated probability of decrease based on NNRR is 0.76 compared to 0.50 for a neutral stratum. In a particularly good stratum (one with a low proportion of declining species), such as the St. Lawrence River Plain, the probability of decrease is 0.20 rather than 0.50 (Table 3) . With NNRR, the probability of decline for an average species was >0.7 in four strata in the Southern Appalachians and in the Ouachita Mountains (Table 3a, Fig. 7 ). With NSRR, the Adirondack Mountains, as well as the Cumberland Plateau and Blue Ridge Mountains, met this criterion (Table  3a, Fig. 8) .
The most significantly declining and increasing species showed their most extreme trends in the highland strata. With NSRR, for example, the strata with the largest percent declines for particular species were the Adirondack Mountains for Canada Warblers, the Cumberland Plateau for Cerulean and Prairie Warblers, the Our conclusion that elevation is a correlate of declines in warblers in eastern and central North America must still be considered tentative. Even our statistical tests can be subject to error due to undetected biases in the data. However, in another study, we used NNRR to estimate population trends for 65 species, including Neotropical migrants, partially Neotropical migrants, Table 2 ). This difference may be due to the inclusion of observer etfects in NSRR, but the trade-off in precision involved with adding observer effects to the model would necessitate more analysis to establish this conclusion. We do not know why we do not see the same differences between early and recent periods in the percentages of species declining that have been reported by the National Bi- 2. We estimate that some species of warblers that are doing well elsewhere in eastern and central North American have had declining populations in highland areas. Several species with the most dramatically declining populations overall had their extreme decreases in these areas. Research that compares the breeding biology of all birds in these physiographic strata with populations of the same species in other environments is called for. The application of the probit-normal model allows formal statistical tests of the multispecies patterns.
NNRR (16% increase, see end of
3. We recommend using nonlinear nonparametric route regression (NNRR) and nonlinear semiparametric route regression (NSRR) for the analysis of BBS data. These methods involve minimal assumptions about the form of the curve of population size through time and produce results that can be used to test the statistical significance of population trends. NSRR allows observer covariables to be included in the model. A particular advantage of the nonlinear regression method is that it allows visual comparisons of nonlinear patterns of population change through time among geographic areas. When the results are restricted to just increases and decreases, statistical tests are feasible and maps are useful for making comparisons among different areas within the geographic range of a species. Direct comparisons between these and other methods of selecting and analyzing trends in BBS data are needed. type of trend is not the same as one based on estimates of density, so the maps and tests present a different aspect of population change than do the graphs. 
Probit-normal model
